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A	 produção	 de	 componentes	 de	 fundição	 injetada	 para	 o	 mercado	 automóvel,	
cumprindo	com	os	requisitos	altamente	exigentes	da	indústria,	requer	uma	capacidade	
contínua	 de	 investimento	 na	 manutenção	 do	 parque	 de	 máquinas.	 Embora	 sejam	
muitas	 as	 empresas	 que	 executam	esta	manutenção	 numa	ótica	 corretiva,	 outras	 já	
recorrem	 a	 ferramentas	 mais	 sofisticadas	 que	 têm	 com	 objetivo	 evitar	 possíveis	
problemas	durante	o	processo	de	fabrico,	assegurando	níveis	de	produção	e	qualidade	
exigidos	pela	indústria	automóvel.				
Neste	 relatório	 apresentam-se	 as	 contribuições	 obtidas	 durante	 a	 realização	 de	 um	
estágio	 numa	 empresa	 de	 produção	 de	 componentes	 de	 fundição	 injetada	 para	 o	
mercado	 automóvel	 e	 que	 tinha	 como	 objetivo	 aplicar	 a	metodologia	 de	 análise	 do	


































































































A	 relative	measure	of	 the	 consequences	of	 a	 failure	mode	and	 its	
frequency	of	occurrences.		
Severity	
The	consequences	of	a	 failure	mode.	Severity	 considers	 the	worst	
potential	 consequence	 of	 a	 failure,	 determined	 by	 the	 degree	 of	











It	 shows	 the	causes	of	an	event	and	 is	used	 in	manufacturing	and	













solution	 to	 evacuate	 air	 and	 gas.	 With	 this	 technology,	 superior	
quality	parts	can	be	produced.	Today,	vacuum	technology	plays	a	key	































































































































































































































The	business	 environment	 is	 increasingly	 fast-paced	and	ever-changing.	 For	business	
leaders,	today’s	environment	can	lead	to	challenges	as	well	as	opportunities	to	innovate	
and	 grow	 by	 capitalizing	 on	 the	 rapid	 speed	 of	 change.	With	 this	 ever-changing	 the	
expectation	 of	 the	 customer	 also	 grows	 and	 the	 need	 to	 satisfy	 their	 demand	 is	
mandatory	for	the	survival	of	companies.	This	results	in	added	pressure	and	constant	
development	 in	 every	 department	 in	 an	 organization	 to	 satisfy	 the	 needs	 of	 the	
customer.	
Given	of	its	major	stake	in	the	automotive	sector,	die-casting	industry	is	a	good	example	






other	 forms	of	degradation	 that	 leaves	 the	system	being	unable	 to	 fulfil	 its	 intended	
purpose.	The	Failure	Mode,	Effects	and	Criticality	analysis	(FMECA)	has	been	an	effective	






































ideas	behind	 the	 themes	and	methods	used	 in	 this	dissertation.	This	 includes	a	brief	












Sonafi	 is	 an	 Aluminum	 alloy	 die-casting	 company	 founded	 in	 1951,	 aimed	 at	 the	
















































metalworking	 industry.	 Die	 castings	 are	 important	 components	 in	 thousands	 of	
consumers,	 commercial	 and	 industrial	 products	 such	 as	 automobiles,	 household	
appliances,	 recreation,	 farm	 and	 garden	 equipment,	 electrical	 equipment,	 general	








attack	 and	 erode	 metal	 pots,	 cylinders,	 and	 plungers.	 Advanced	 technology	 and	
development	 of	 new,	 higher	 temperature	 materials	 has	 extended	 the	 use	 of	 this	
equipment	for	magnesium	alloys.	
In	the	hot	chamber	machine	Figure	1,	the	injection	mechanism	is	immersed	in	molten	









Hot	 chamber	machines	 are	 rapid	 in	 operation.	 Cycle	 times	 vary	 from	 less	 than	 one	
second	 for	 small	 components	 weighing	 less	 than	 one	 ounce	 to	 thirty	 seconds	 for	 a	
casting	 of	 several	 pounds.	 Dies	 are	 filled	 quickly	 (normally	 between	 five	 and	 forty	















































Surface	 or	 internal	 porosity	 from	 poor	
pressure	condition	
Shrink	porosity	
Porosity	 from	 the	 volume	 change	 as	 the	
metal	changes	state	
Sinks	






























Vacuum	 machine	 is	 the	 principal	 component	 of	 a	 vacuum	 die-casting	 machine,	 in	
general,	is	a	metal	die	mold	having	a	cavity	therein	for	forming	a	cast	product	or	casting.	
The	cavity	 is	 connected	at	 its	one	end	via	a	vacuum	valve	and	a	vacuum	piping	 to	a	
vacuum	creating	means.	A	vacuum	gage	 is	 installed	 in	 the	vacuum	piping	 to	 indicate	








The	 relay	 thereby	 operates	 to	 energize	 a	 solenoid	 to	 open	 the	 vacuum	 valve.	 Thus,	
reduction	 of	 the	 pressure	 within	 the	 cavity	 begins	 while	 the	 plunger	 continues	 to	
advance	further,	causing	the	melt	to	fill	the	cavity.	For	this	reason,	there	is	the	possibility	
of	gas	sucked	into	the	cavity	as	swept	in	together	with	the	melt.	More	specifically,	in	a	
























The	 management	 and	 control	 of	 maintenance	 are	 equally	 important	 to	 performing	





















tasks	 such	as	 cleaning,	 lubrication	and	 simple	 repairs	 to	be	an	 important	element	 in	
industrial	management	and	productivity.	 The	need	 for	maintenance	engineering	and	
management	 is	 increasingly	 becoming	 important	 to	manufacturing	 industries	 due	 to	
rising	prices	of	equipment,	systems,	machinery,	and	infrastructure.	
Manufacturing	 companies,	 the	 global	 economy,	 and	 the	 world	 have	 undergone	
significant	changes	and	there	is	competition	everywhere.	The	world	has	turned	global	
and	competition	is	everywhere.	These	new	challenges	have	led	to	deep	transformations	





equipment	 and	 inevitably	has	 far-reaching	detrimental	 consequences	on	production.	









3. provide	 the	desired	 services	 to	operating	departments	at	optimum	 levels,	
through	improved	maintenance	efficiency;	
4. provide	 management	 with	 information	 on	 the	 cost	 and	 effectiveness	 of	
maintenance;	and	
5. achieves	all	the	above-mentioned	objectives	as	economically	as	possible.	
The	objectives	of	maintenance	can,	 therefore,	be	 summarized	as	 the	 systematic	and	

































It	 is	 not	 a	method	of	problem-solving	but	 a	method	 that,	 together	with	other	 tools,	
allows	 to	 prevent	 the	 occurrence	 of	 potential	 failures.	 It	 is	 a	 living	 document	 that,	




their	 likelihood	 of	 occurrence.	 Also	 taking	 account	 of	 which	 controls,	 in	 terms	 of	
prevention	and	detection,	will	also	determine	the	probability	of	detection	of	the	failure	















criticality	 analysis	United	 States	Military	 Procedure,	MIL-P-1629",	November	 1949.	 It	
was	 subsequently	used	 in	 the	aerospace	 sector,	 in	 the	development	of	 rockets,	with	
emphasis	on	 the	Apollo	program	 in	 the	1960s,	 in	developing	 the	means	 to	 transport	
humans	to	the	moon	and	then	return	them	safely	back	to	the	earth.	As	early	as	the	late	
1970s,	 Ford	 introduced	 the	 tool	 in	 the	 automotive	 industry	 to	 increase	 safety	 and	






“Total	 Quality	 Management”	 (TQM)	 Figure	 3.	 This	 technique	 identifies	 potential	


















FMEA	 performed	 to	 validate	 the	 system	 design	 specifications	 minimize	 the	 risk	 of	
functional	failure	during	operation.	Benefits	and	objectives	of	the	system	FMEA.	
It	 identifies	 potential	 systemic	 failure	modes	 caused	 by	 system	 interacts	 with	 other	
systems	and/or	by	 subsystem	 interactions,	 including	 those	 that	may	adversely	affect	
safety	 or	 compliance	with	 government	 regulations	 and	 It	 identifies	 potential	 system	
design	 parameters	 that	 may	 include	 deficiencies	 before	 hardware	 and/or	 software	
released	to	production.	Furthermore,	it	helps	in	selecting	the	optimum	system	design	
alternative	 and	 enables	 actions	 to	 ensure	 that	 customer	 wants/	 expectations	 are	
satisfied	to	initiate	as	early	as	possible	in	the	development	cycle	and	quality	planning	
phases	of	the	system	design	[21].	















related	 to	 the	 product	 design.	 This	 FMEA	 can	 perform	 over	 a	 system,	 subsystem	 or	
component	design	proposal	and	intended	to	validate	the	design	parameters	selected	for	
a	 given	 functional	 performance	 requirement.	 Benefits	 and	 objectives	 of	 the	 design	
FMEA	are	it	identifies	potential	design	related	failure	modes	at	a	system,	subsystem	or	
component	 level	 that	 may	 adversely	 affect	 safety	 or	 compliance	 with	 government	
regulations	during	 initial	period	 (prior	 to	hardware	 release)	 so	 that	design	actions	 to	
eliminate	or	mitigate	the	concerns	identified.	
It	 increases	 the	 probability	 that	 potential	 failure	 modes	 and	 their	 effects	 on	
vehicle/system	 performance	 considered	 in	 the	 design/development	 process	 and	 key	
critical	 and	 significant	 characteristics	 of	 a	 design.	 Ensures	 that	 customer	
wants/expectations	 are	 satisfied	 to	 initiate	 as	 early	 as	 possible	 in	 the	 product	
development	cycle	and	quality	planning	phases	of	the	product	design.	
Aids	 in	 the	 objective	 evaluation	 of	 design	 requirements	 and	 design	 alternatives	 and	
provides	a	reference	to	aid	in	analyzing	field	concerns	to	develop	advanced	designs	in	
future.	Also,	provides	an	organized,	systematic	approach	to	criticality	reduction	and	risk	
reduction	 and	 establishes	 a	 priority	 for	 design	 improvement	 actions	 and	 serves	 as	 a	
historical	record	of	the	thought	processes	and	the	action	taken	in	product	development	
efforts.	
It	 helps	 to	 documents	 the	 rationale	 behind	 product	 design	 changes	 to	 guide	 the	
development	of	future	product	design	and	aids	to	focus	on	eliminating	product	concerns	
and	minimizing	 the	probability	of	poorly	performing	products	 reaching	 the	customer	
and	assists	in	the	evaluation	of	product	design	requirements	and	alternatives.	Finally,	It	
enhances	 organizational	 learning	 by	 serving	 as	 a	 depository	 for	 valuable	 “lessons	
learned”	to	help	organizations	avoid	making	the	same	error	repeatedly	[22].	
Identification	of	potential	process	failure	modes	at	a	system,	subsystems	or	operation	
level	 that	may	adversely	affect	 safety	or	compliance	with	government	 regulations	so	
that	 actions	 taken	 to	 eliminate	 the	 concern	 or	mitigate	 its	 effects.	 The	 key	 process	
critical	and	significant	characteristics	and	aids	 in	the	development	of	through	control	
plans.	Which	 along	with	 potential	 process	 deficiencies	 early	 in	 the	 process	 planning	














The	 process	 helps	 engineers	 focus	 on	 eliminating	 product	 concerns	 caused	 by	 the	
manufacturing	 or	 assembly	 process,	 thus	 minimizing	 the	 probability	 of	 poorly	
















































The	 ranking	 for	 the	criteria	 can	have	any	value.	There	 is	no	 standard	 for	 such	value;	
however,	there	are	two-way	common	ranking	used	in	all	industries	today.	One	is	ranking	
based	on	a	1	to	5	scale	and	the	second,	1	to	10	scale.	
































































































































































































































































































from	 occurrence,	 severity,	 and	 detection).	 Ninety-nine	 percent	 of	 1000	 is	 990.	 Now	
subtract	 1000–990=10.	 Therefore,	 the	 threshold	 of	 examining	 the	 failures	would	 be	
anything	equal	to	or	greater	than	a	10	RPN.	If	the	statistical	confidence	is	90	percent	
with	a	scale	of	1	to	10,	then	the	threshold	becomes	100,	and	so	on.	If	the	scale	is	1	to	5,	
then	the	threshold	changes	accordingly.	The	method	 is	 the	same,	however,	 the	total	
























and	 detection.	 Based	 on	 these	 linguistic	 variables,	 fuzzy	 logic	 is	 applied	 to	
provide/predict	 a	 crisp	 RPN	 value.	 Such	 systems	 may	 reduce	 the	 inconsistency	
associated	with	assessment	of	O,	S	and	D.	They	may	also	increase	consistency	in	the	RPN	
values	obtained	by	different	engineers.	However,	they	do	not	provide	decision	support	
to	 engineers	 while	 they	 analyze	 components	 for	 failure	 modes	 and	 failure	




a	 bottom-up,	 inductive	 analytical	 method	 which	 may	 be	 performed	 at	 either	 the	
functional	or	piece-part	level.	FMECA	extends	FMEA	by	including	a	criticality	analysis,	
which	 is	 used	 to	 chart	 the	 probability	 of	 failure	modes	 against	 the	 severity	 of	 their	
consequences.	
FMECA	originated	in	the	United	States	in	the	1950s.	Grumman	Aircraft	Corporation	used	







the	mid-1980s.	 After	 the	 1990s,	 FMECA	has	 been	 formed	 a	 set	 of	 the	 scientific	 and	
complete	analysis	method	[32].	
The	failure	mode	may	then	be	charted	on	a	criticality	matrix	using	severity	code	as	one	













-6 = -. 7	
Equation	3	Item	criticality	
The	 failure	mode	 ratio	may	 be	 taken	 from	 a	 database.	 For	 functional	 level	 FMECA,	
engineering	 judgment	may	be	 required	 to	 assign	 failure	mode	 ratio.	 The	 conditional	
probability	number	β	represents	the	conditional	probability	that	the	failure	effect	will	






quality	 is	 imperative	 for	 a	 company	 to	 succeed.	 The	 cost	 of	 doing	 business	 is	 ever	
increasing.	Rising	costs	of	raw	materials	combined	with	labor	and	equipment	costs	have	
brought	scrap	reduction	into	the	critical	to	business	category.		
But	many	 falls	 short	when	 it	 comes	 to	sustaining	 those	corrective	actions	or	process	
improvements	over	a	long	period	of	time.	In	many	cases,	the	process	gradually	returns	
to	 its	previous	state	and	the	problems	eventually	resurface.	A	Control	Plan	 is	often	a	
Production	 Part	 Approval	 Process	 (PPAP)requirement	 for	 suppliers	 of	 parts	 to	
companies	in	these	industries.	The	primary	resource	for	information	regarding	Control	
Plan	Methodology	in	the	automotive	industry	is	the	Advanced	Product	Quality	Planning	




1. Prototype	 –	 This	 level	 Control	 Plan	 should	 include	 descriptions	 of	 the	
dimensions	 to	 measure	 and	 the	 material	 and	 performance	 tests	 to	 be	
completed	during	the	prototype	build	
2. Pre-Launch	–	 This	 level	 of	 Control	 Plan	 should	 contain	 descriptions	 of	 the	
dimensions	 to	 be	measure	 and	 the	material	 and	 performance	 tests	 to	 be	
completed	 after	 prototype	 but	 prior	 to	 product	 launch	 and	 regular	
production.	
3. Production	–	This	level	of	Control	Plan	should	contain	a	comprehensive	listing	





measurement	 methods	 and	 tests	 that	 will	 be	 perform	 during	 regular	
production.	
2.7 ABC	CLASSIFICATION	







































asset	 with	 a	 time-based	 preventative	 maintenance	 program	 schedule	 is	 an	 air-
conditioner	which	is	serviced	every	year,	before	summer.	A	typical	example	of	an	asset	
with	 a	 usage-based	 preventative	 maintenance	 program	 schedule	 is	 a	 motor-vehicle	
which	might	be	scheduled	for	service	every	10,000km.	

























to	 numerical	 data	 processing.	 All	 of	 these	 tools	 together	 can	 provide	 great	 process	



















































The	 bow-tie	 has	 become	 popular	 as	 a	 structured	 method	 to	 assess	 risk	 where	 a	
quantitative	approach	is	not	possible	or	desirable.	The	success	of	the	diagram	is	that	it	



























it	 for	 their	 unique	 use	 cases,	 several	 others	 are	 implementing	 changes	 today	 and	
preparing	for	a	future	where	smart	machines	improve	their	business.	
Internet	of	Things	and	 the	cloud:	A	key	component	of	 Industry	4.0	 is	 the	 Internet	of	
Things	 that	 is	 characterized	 by	 connected	 devices.	 Not	 only	 does	 this	 help	 internal	


































research,	which	was	 conducted	 to	 answer	 the	 stated	 research	problem.	 The	 area	of	
discussion	will	be	focused	on	the	area	of	research	objectives.		
3.1 COMPANY	PRESENTATION	
Sonafi	 is	 an	 Aluminum	 alloy	 die-casting	 company	 founded	 in	 1951,	 aimed	 at	 the	





















finishing,	 three	 shot	 blasting	 machines,	 one	 tumbling	 machine,	 and	 four	 vibration	






















Figure	 12	 show	 some	 product	 which	 are	 manufactured	 in	 the	 die-casting	 machine	
number	823.	
3.2 VACUUM	MACHINE	–	FONDAREX	















The	 Fondarex	 vacuum	 system	 is	 suitable	 for	 all	 production	 cells	 and	molds.	 It	 is	 the	
technology	 peripheral	 device	 for	 pressure	 die	 casting	 providing	 additional	 injection	


























That	 is	where	a	vacuum	machine	comes	 into	use,	 it	 reduces	 the	machine	downtime,	
production	 cost,	 and	 energy.	 In	 addition,	 the	 casted	 products	 will	 have	 high-quality	
surface	finishing.		
Generally,	the	vacuum	machine	is	used	to	increase	the	strength	to	weight	ratio	in	cold	
chamber	die-casting.	 The	alloy	 is	 forced	 into	 the	mold	 cavity	with	high	pressure	and	
velocity	that	small	quantity	of	air	and	other	gases	are	trapped	during	casting.	Before	the	
injection	actions	take	place,	the	vacuum	is	drawn	in	both	short	sleeve	and	mold	cavity.		
The	 vacuum	 maintained	 until	 the	 injection	 cycle	 is	 completed.	 When	 the	 liquid	
aluminum	filled	up	to	the	chill	vent	cavity,	the	chill	vent	sends	signal	once	aluminum	
reaches	 near	 the	 steel	 wool	 exhaust	 and	 closes	 immediately.	 Almost,	 all	 the	 gases	






































The	 information	 was	 collected	 through	 interviews,	 observation,	 and	 documents	
investigations.	 The	 data	 collection	 was	 preceded	 by	 a	 period	 of	 surveillance	 that	
included	 two	phases.	 The	 first	 one	was	 through	 the	 interaction	with	 the	 production	
technicians.	Were	all	the	details	regarding	the	usage	of	the	machine	was	studied	for	a	











machine	 were	 closely	 monitored	 for	 a	 period	 of	 another	 five	 days.	 During	 this	




























Through	 keen	 observation,	 it	 was	 clear	 what	 are	 the	 activities	 performed	 by	 the	
maintenance	department	vital	for	the	production	and	for	the	profit	of	the	organization.	
It	is	believed	that	the	execution	of	these	activities	will	minimize	the	machine	stoppage.		
The	 stoppage	 in	 vacuum	 machine	 is	 a	 hindrance	 regarding	 the	 production	 target.	


















machine,	 however,	 during	 the	 latter	 stages	 of	 the	 study,	 it	 was	 noticed	 that	 every	
component	of	the	machine	is	vital	for	the	proper	functioning	machine	and	is	linked	with	
each	other.	For	example,	the	control	panel	which	is	connected	to	the	vacuum	unit	by	
means	 of	 a	 USB	 port	 is	 the	 most	 vital	 output	 unit	 in	 the	 system.	 It	 shows	 all	 the	
information	necessary	for	the	effective	functioning	of	the	machine.	
It	was	understood	from	the	study	and	physical	observation	that	it	requires	a	minimum	





the	 vacuum	measurement	 is	 done	 at	 the	 cavity	 during	 the	 warm-up	 for	 which	 the	
connecting	hoses	should	not	have	any	goosenecks	in	order	to	prevent	siphon-effect.	









F4	 for	 recoding	 the	data,	 F2	 is	 to	monitor	 the	pressure	parameter,	 pollution	 control	




necessary	 parameters	 are	 entered	 we	 can	 automatically	 generate	 a	 datasheet.	 For	












unit	and	every	six	months	a	 full-fledged	service	 is	done	 for	 the	oil	 filter,	air	 filter,	oil	










However,	 before	 going	 ahead	 with	 the	 proceedings,	 more	 concordant	 details	 were	
required	to	perform	effective	FMECA	analysis.	One	such	details	required	was	to	know	
the	history	of	maintenance	breakdowns	which	happened	during	 the	period	between	
January	 2018	 and	 June	 2018.	 All	 failures	 happened	 was	 categorized	 based	 on	 the	
criticality	of	the	failures.	Further,	failure	time	of	vacuum	machine	was	taken	from	the	








Year	 Designation	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug	 Sep	 Oct	 Nov	 Dec	 Total	
2016	
Vacuum 
system	 8.7	 3	 0	 0	 3.6	 0.3	 4.5	 4.2	 6	 0	 2.3	 3.7	 36.5	
2017	
Vacuum 
system	 11	 1	 2.8	 1.5	 0	 3.8	 2.7	 2.4	 0	 0.5	 0	 1.2	 26.7	
2018	
Vacuum 
system	 0	 0	 11.6	 5.17	 0	 0	 0	 0	 -	 -	 -	 -	 16.77	















Brainstorming	 sessions,	 used	 for	 generating	 new	 ideas	 and	 solutions	 to	 problems	
identified,	were	conducted	among	the	people	of	the	maintenance	department.	The	lead	
preventive	 maintenance	 technicians,	 foundry	 maintenance	 coordinator	 and	
maintenance	manager	were	constantly	involved	in	the	discussions.	The	brainstorming	
session	 began	with	 the	 detailed	 explanation	 of	 the	 vacuum	machine	 process	 by	 the	
maintenance	manager.	From	then	the	decision	to	focus	on	cause	first	and	later	address	































For	 addressing	 the	 issue	 with	 triggering	 of	 alarms,	 Ishikawa	 analysis	 Figure	 18	 was	




















Sonafi,	 previously	 have	 a	 set	 of	 guidelines	 based	 on	 IATF	 16949	 standards	 for	 both	
















to	 identify	 risks	of	 failures	 causes,	which	were	discussed	 in	 the	previous	 section	and	












by	means	 of	 a	 bar	 graph.	 The	 occurrence	 index	 is	 5,	 the	 decision	was	 based	on	 the	




































action	 is	 1	 hour.	 The	 actions	 taken	 were	 to	 re-wound	 the	 flexible	 pipes	 which	 are	






bcd = 5	x	2	x	2 = 20	
Equation	10	New	RPN	for	over-heated	die	(Goosenecks)	
	
The	 FMEA	 analysis	 for	 the	 problem	of	 formation	 of	 bubbles	was	 summarized	 in	 the	
FMEA	worksheet	present	in	the	Table	9.		
Clogging	of	steel	wool	process	got	the	highest	RPN.	Obtained	RPN	for	clogging	before	
















control	 prevention	 is	 visual	 check	 and	 refills	 it	 when	 needed.	 The	 probability	 of	
occurrence	is	high,	thus	a	ranking	of	8	was	given.	The	current	process	control	detection	
is	either	 through	visual	 inspection	and	when	the	 technician	realizes	 that	 the	vacuum	












which	 is	 1600	 hours.	 With	 the	 recommended	 actions	 taken,	 the	 probability	 of	
occurrence	will	reduce	to	7	and	detection	to	3.	Thus,	the	new	RPN	is	
RPN = S	×	O	×	D	

















RPN = 2	×	3	×	9 = 54	
Equation	13	RPN	before	taking	actions	(Air,	oil	filter)	
	
The	 recommended	 action	 is	 through	 periodic	 checking	 of	 filters	 and	 the	 duration	 of	
hours	the	machine	has	run.	The	responsibility	falls	under	the	maintenance	department	


































































































































5	 5	 4	 100	



























































































































































9	 7	 3	 189	








































major	 potential	 cause	 for	 this	 type	 of	mechanical	 failure:	 pressure	 leak,	 undesirable	





RPN = 8	×	4	×	2 = 64	
Equation	15	RPN	before	taking	actions	(Compressed	air	unit)	
The	recommended	action	for	these	types	of	failures	is	to	clean	the	air	filters	periodically	













RPN = 8	×	8	×	1 = 64	
Equation	17	RPN	before	taking	action	(connecting	wires)	










































































































































































































































































































































































for	 detection	 is	 indicated	 in	 the	 control	 panel	 or	 when	 the	 operator	 finds	 that	 the	
vacuum	machine	is	finding	it	difficult	to	reach	the	optimum	pressure.	The	RPN	is:	
RPN = S	×	O×	D	
RPN = 7	×	4	×	2 = 56	
Equation	19	RPN	before	taking	actions	(Vacuum	tank	tolerance)	
The	 recommended	actions	 are	 to	 check	 the	 filters	 and	 the	 valves	when	 the	alarm	 is	
raised.	The	responsibility	of	the	maintenance	department.	Periodically	the	valves	and	
the	filters	must	be	checked	to	know	the	state	of	the	machine	it	is	in.	For	these	types	of	
errors	 there	are	no	 solutions,	and	 the	 ranking	of	occurrence	and	detection	does	not	
change.	The	new	RPN	is:	
RPN = S	×	O×	D	






































































































































































































































































































































































occurrence	 is	6	since	 it	might	happen	1	out	of	80	 times.	The	current	process	control	
prevention	is	through	visual	check	in	the	control	panel	and	to	make	sure	that	there	is	no	









of	 the	 operation	 of	 the	 machine	 and	 after	 transportation	 of	 the	 machine.	 The	
responsibility	 is	 for	 first	 level	maintenance	and	generally,	 it	will	 take	2	hours	 for	 the	
problem	to	be	rectified.	Actions	taken	are	to	make	sure	that	the	hoses	which	are	very	





















































































































































































the	 consequence	 of	 concrete	 proof.	 Since	 it	 would	 answer	 what	 are	 the	 cause	 and	
control	measures.	The	ranking	of	cause	and	consequence	shows	the	level	of	effect,	while	
1	being	the	minimum	and	rest	being	the	vice	versa.	In	the	overheated	die	on	the	right-
hand	 side,	 two	 consequences	 are	 possible	 first	 being	 formation	 of	 bubbles	 over	 the	
surface	of	the	metal	when	there	is	a	huge	temperature	difference	between	a	die	and	
the	molten	metal.	The	die	must	be	cooler	than	the	molten	metal,	hotter	in	comparison	












In	 the	 vacuum	 pump,	 there	 are	 5	 consequences.	 When	 there	 is	 a	 fault	 in	 vacuum	
































(Cm)	where	 found	 out,	which	 leads	 in	 determining	 the	 severity	 classification	 to	 take	
further	actions.	
3.6.1 Breakdown	timings	and	reasons	





















823	 A	 22-Jan	 10529.01b	 6:00	 8:00	 02:00:00	 5	
823	 A	 02-Mar	 10529.02a	 21:00	 21:35	 00:35:00	 7	
823	 A	 06-Mar	 10529.02a	 12:30	 12:45	 00:15:00	 3	
823	 A	 06-Mar	 10529.02a	 13:45	 14:00	 00:15:00	 3	
823	 A	 19-Mar	 10529.02a	 12:40	 12:52	 00:12:00	 10	
823	 A	 20-Mar	 10529.02a	 6:00	 6:50	 00:50:00	 9	
823	 A	 20-Mar	 10529.02a	 7:15	 7:30	 00:15:00	 3	
823	 A	 20-Mar	 10529.02a	 8:30	 8:50	 00:20:00	 9	





823	 A	 20-Mar	 10529.02a	 11:00	 11:12	 00:12:00	 9	
823	 A	 21-Mar	 10529.02a	 6:00	 12:00	 06:00:00	 1A	
823	 A	 20-Apr	 10529.02a	 6:00	 6:20	 00:20:00	 6	
823	 A	 20-Apr	 10529.02a	 7:15	 7:30	 00:15:00	 1	
823	 B	 19-Mar	 10529.02a	 14:00	 14:50	 00:50:00	 7	
823	 B	 19-Mar	 10529.02a	 18:40	 19:00	 00:20:00	 1	
823	 B	 19-Mar	 10529.02a	 20:00	 20:17	 00:17:00	 2	
823	 B	 20-Mar	 10529.02a	 17:30	 17:45	 00:15:00	 2	
823	 B	 20-Mar	 10529.02a	 18:15	 18:30	 00:15:00	 3	
823	 B	 12-Apr	 10529.01b	 10:15	 10:30	 00:15:00	 4	
823	 B	 12-Apr	 10529.01b	 11:45	 12:00	 00:15:00	 4	
823	 B	 18-Apr	 10529.02a	 14:00	 15:00	 01:00:00	 8	
823	 B	 19-Apr	 10529.02a	 16:15	 16:30	 00:15:00	 3	
823	 B	 20-Apr	 10529.02a	 17:05	 17:20	 00:15:00	 3	
823	 B	 21-Apr	 10529.02a	 17:35	 17:50	 00:15:00	 2	
823	 B	 22-Apr	 10529.02a	 18:20	 18:35	 00:15:00	 2	
823	 C	 23-Apr	 10529.02a	 0:15	 0:43	 00:28:00	 6	
823	 C	 24-Apr	 10529.02a	 22:00	 22:50	 00:50:00	 7	
823	 C	 25-Apr	 10529.02a	 23:10	 23:17	 00:07:00	 1B	
823	 C	 26-Apr	 10529.02a	 0:40	 0:52	 00:12:00	 1	
823	 C	 27-Apr	 10529.02a	 5:15	 5:35	 00:20:00	 1	
823	 C	 28-Apr	 10529.02a	 23:40	 23:55	 00:15:00	 3	








































0.01	 1s	 0.06	 IV	 1	 0.25	 0.00015625	
0.01	 1s	 0.06	 IV	 1	 0.333333	 0.00020833	
0.01	 1s	 0.03	 IV	 1	 0.2	 0.00006250	
0.01	 2	 0.03	 III	 1	 0.283333	 0.00008854	
0.01	 2	 0.09	 III	 1	 0.25	 0.00023438	
0.01	 6	 0.03	 III	 1	 0.466667	 0.00014583	
0.01	 6	 0.03	 III	 1	 0.333333	 0.00010417	
0.01	 1B	 0.03	 IV	 1	 0.116667	 0.00003646	
0.01	 9	 0.03	 IV	 1	 0.833333	 0.00026042	
0.01	 9	 0.03	 IV	 1	 0.333333	 0.00010417	
0.01	 9	 0.03	 IV	 1	 0.2	 0.00006250	
0.01	 1A	 0.03	 II	 1	 6	 0.00187500	
0.01	 3	 0.22	 IV	 1	 0.25	 0.00054688	
0.01	 8	 0.03	 III	 1	 1	 0.00031250	
0.01	 7	 0.03	 III	 1	 0.583333	 0.00018229	
0.01	 7	 0.06	 IV	 1	 0.833333	 0.00052083	
0.01	 10	 0.03	 IV	 1	 0.2	 0.00006250	
0.01	 10	 0.03	 IV	 1	 0.5	 0.00015625	
0.01	 5	 0.03	 III	 1	 2	 0.00062500	




















The	 values	 of	 part	 failure	 rate	 λp	 were	 obtained	 from	 the	 appropriate	 reliability	

















































Recommended	 spare	 parts	 always	 in	
stock	(highly	important)	
B	
Recommended	 spare	 parts	 by	 the	
manufacturer,	 if	 possible	 in	 stock	
(moderately	important)	
C	














With	 this	 analysis,	 there	 was	 a	 smooth	 flow	 without	 too	 much	 disturbance	 in	 the	




























































































200-191	 	 Hose	 M	 Teflon	 L6,	
lg.1.5m			 A	
200-201	 	 Hose	 M	 Teflon	 L6,	
lg.2.5m			 C	
200-211	 	 Hose	 M	 Silver	 DN4	
lg.1m			 C	
200-221	 	 Hose	 M	 Silver	 DN4	
lg.2m			 C	
200-231	 	 Hose	 M	 Silver	 DN4	
lg.3m			 C	
200-241	 	 Hose	 M	 Silver	 DN4	
lg.4m			 A	






200-261	 	 Hose	 M	 Silver	 DN4	
lg.6m			 C	
200-271	 	 Hose	 M	 Silver	 DN4	
lg.7m			 C	
200-192	 	 Hose	 S	 Teflon	 L8,	
lg.1.5m			 A	
200-194	 	 Hose	 S	 Teflon	 L8,	
lg.1.5m	MINI		 C/B	
200-195	 	 Hose	 S	 Teflon	 L8,	
lg.1.5m	MICRO			 C	
200-202	 	 Hose	 S	 Teflon	 L8,	
lg.2.5m			 C	
200-212	 	 Hose	 S	 Silver	 DN	 6,	
lg.1m			 C	
200-222	 	 Hose	 S	 Silver	 DN	 6,	
lg.2m			 C	
200-232	 	 Hose	 S	 Silver	 DN	 6,	
lg.3m			 C	






200-252	 	 Hose	 S	 Silver	 DN	 6,	
lg.5m			 C	
200-262	 	 Hose	 S	 Silver	 DN	 6,	
lg.6m			 C	
200-272	 	 Hose	 S	 Silver	 DN	 6,	
lg.7m			 C	
200-193	 	 Hose	 P	 Teflon	 S8,	
lg.1.5m			 A	
200-196	 	 Hose	 P	 Teflon	 L8,	
lg.1.5m	MINI			 C/B	
200-203	 	 Hose	 P	 Teflon	 S8,	
lg.2.5m			 C	
200-213	 	 Hose	 P	 Silver	 DN	 6,	
lg.1m			 C	
200-223	 	 Hose	 P	 Silver	 DN	 6,	
lg.2m			 C	
200-233	 	 Hose	 P	 Silver	 DN	 6,	
lg.3m			 C	






200-253	 	 Hose	 P	 Silver	 DN	 6,	
lg.5m			 C	
200-263	 	 Hose	 P	 Silver	 DN	 6,	
lg.6m			 C	
200-273	 	 Hose	 P	 Silver	 DN	 6,	
lg.7m			 C	

















































































































Oil-level	 has	 to	 be	





















































greasing,	etc.	 		 		 		 Maintenance	
The	 drain	 screw	 at	 the	
bottom	 of	 the	 tank	
must	 be	 opened,	 for	





































































Then	 a	 study	 on	 failures	 occurred	 in	 the	 past	 on	 the	 vacuum	machine	was	 done	 to	





failure	 causes	 and	 sub-causes	 leading	 to	 it.	 After	 three	 brainstorming	 sessions	 the	




found	 out	 in	 the	 cause	 and	 effect	 diagram.	 First	 the	 effects	 of	 the	 failures	 were	
mentioned	followed	which	potential	cause,	current	process	control	method	and	current	





























The	 FMECA	 performed	 over	 the	 vacuum	 machine	 823	 is	 under	 observation	 after	
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